Immune sera were produced in rabbits with living cells of an enteroinvasive 0143 strain of Escherichia coli. To remove O and K antibodies, sera were absorbed with an avirulent derivative of the same strain. In the enzyme-linked immunosorbent assay, absorbed sera reacted specifically with only virulent Shigella strains and enteroinvasive E. coli strains of different geographical origin, regardless of species or serogroups. The investigation of 83 strains indicated complete agreement between enzyme-linked immunosorbent assay results and those of the keratoconjunctivitis test. It is assumed that the absorbed immune sera reacted with a possible virulence marker antigen. This inexpensive and simple method provides an alternative to other virulence tests. It has a definite advantage for screening large number of isolates within 24 h.
In humans, dysentery is frequently caused by virulent Shigella and enteroinvasive Escherichia coli (EIEC) strains. In disease production bacterial penetration of intestinal epithelial cells is the most important step (6) . This attribute may be associated with a 140-megadalton (Md) plasmid (4, 8, 10, 12) or, in case of S. sonnei, with a 120-Md plasmid (9) . These plasmids code for outer membrane proteins required in the penetration process (3) .
The most frequent test for virulence of these strains consists of the inoculation of guinea pig eyes, the keratoconjunctivitis test (11) . In addition, oral infection of starved guinea pigs (2) or monkeys (6) have been used. Bacterial invasiveness can be evaluated in vitro by the bacterial penetrating capacity of cultured mammalian cells (6) .
These tests allow the study of only a limited number of strains; they are time consuming, cumbersome, costly, and require special technology. Thus, the application of these procedures to epidemiological studies involving large numbers of isolates is of very limited value.
Previously, we have reported that an enzyme-linked immunosorbent assay (ELISA) procedure can distinguish virulent and avirulent Shigella spp., EIEC and non-EIEC strains (7) . This Production of VMA specific antibodies. For production of VMA-specific antibodies, a virulent isolate of E. coli 0143 (strain no. 2) was used (7) . Three rabbits were immunized intravenously at 4-day intervals with 0.2, 0.5, 1.0, and 2.0 ml, respectively, of a suspension containing 109 living bacteria per ml. Thereafter, 2.0-ml booster doses were given at week 2 and 8. Blood was obtained on day 4 Table 2 .
VMA-Ab-1 reacted with the Serény test-positive strains at a remarkably higher dilution than it did with the negative strains. Even dilutions of 1:2,000 and 1:1,000 gave OD values substantially higher with the keratoconjunctivitis-positive than with the negative isolates. This difference did not depend on the serogroups.
To exclude the possibility that VMA reactivity is restricted to the serum of a single rabbit, reactions of VMAAb-1, -2, and -3 were compared in a 1:1,000 dilution against EIEC and non-EIEC strains ( In these experiments neither controls nor blanks gave OD values above 0.10.
In further studies VMA-Ab-1 was used in a dilution of 1:1,000. We examined a number of strains of different geographical origin.
Reactivity of VMA-Ab-1 with strains of different geographical origin. In this part of the study we tested 62 E. coli and 21 Shigella strains of different geographical origin. E. coli on August 27, 2017 by guest http://jcm.asm.org/ Downloaded from strains belonged to nine serogroups, and the members of the Shigella genus represented nine serotypes of four species. All strains were inoculated into guinea pig eyes. By the Serény test, 56 isolates proved to be positive. All of them harbored the 140-Md plasmid, or in the case of Shigella sonnei, the 120-Md plasmid.
Although the 140-Md plasmid could be detected in avirulent derivative no. 2/33 by gel electrophoresis, none of the wild-type, avirulent isolates harbored it. The S. sonnei phase Il strains did not contain the 120-Md plasmid.
Then strains were tested in ELISA with VMA-Ab-1 in a dilution of 1:1,000 (Table 4 ). The strains that were positive by the keratoconjunctivitis test reacted strongly with the immune serum (OD range, 0.40 to 1.60). For these strains, the mean OD value was 0.83 ± 0.25 standard deviations. Contrary to this, Serény test-negative isolates had a low OD value (range, 0.00 to 0.15), with a mean of 0.037 ± 0.026 standard deviations. According to these OD values we considered strains as VMA positive when the OD value exceeded 0.33, i.e., the mean -2 standard deviations of the Serény test-positive isolates. The difference between the OD values of the two groups was found to be significant at P < 0.001 by the two-tailed Student's t test. At this dilution VMA-Ab gave a clear-cut differentiation between virulent and avirulent isolates. This difference was so pronounced that positive strains could be spotted with the naked eye.
DISCUSSION
The determination of virulence of E. coli and Shigella strains has both clinical and epidemiological importance. The presently available methods for the study of invasive capabilities are applicable to individual isolates. However, for screening large numbers of bacterial isolates for epidemiological purposes, these methods are unsuitable. A rapid and economical test is needed for the identification of virulent isolates.
The examination of 83 E. coli and Shigella strains indicates that the modified ELISA meets these requirements. On the basis of results for 56 Serény test-positive and 27 Serény test-negative strains of different geographical origin and different serogroups, it can be concluded that in the ELISA VMA-Ab reacts with a unique antigenic moiety expressed by the enteroinvasive strains.
Although VMA-Ab differentiates between virulent and avirulent strains, OK antibodies reacted equally with homologous virulent and avirulent counterparts, suggesting that there is no difference in the rate of bacterial attachment to the ELISA plates.
Whether this VMA is a real virulence factor or only a marker antigen closely related to it, requires further investigations. It was proven that in the case of Shigella and E. coli strains the presence of a large plasmid is essential for enteroinvasiveness (4, (8) (9) (10) 12 
